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ABSTRACT

The process of developing a data warehouse starts with identifying and gathering requirements, designing
the dimensional model followed by testing and maintenance. The design phase is the most important
activity in the successful building of a data warehouse.

In this paper, we surveyed and evaluated the literature related to the various data warehouse design
approaches on the basis of design criteria and propose a generalized object oriented conceptual design
framework based on UML that meets all types of user needs.
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1. INTRODUCTION

A Data Warehouse (DW) is defined as “a subject-oriented, integrated, time-variant, non-volatile
collection of data in support of management’s decision-making process” [1]. Data warehouses
store huge amount of information from multiple data sources which is used for query and
analysis. Therefore, the data is stored in the multidimensional (M D) structure [34]. A
multidimensional model stores information into facts and dimensions. A fact contains the
interesting concepts or measures (fact attributes) of a business process (sales, deliveries, etc.),
whereas a dimension represents the perspective or view for analyzing a fact (product, customer,
time, etc.) using hierarchically organized dimension attributes. Multidimensional modelling
requires specialized design techniques that resemble the traditional database design methods [5]
as shown in table 1.The database design consists of following five phases. The first phase is
Analysis of operational systems whose aim is to collect the information concerning the pre
existing operational system. It involves the designer, along with the people involved in managing
the information system and produces in output the (conceptual or logical) schemes of either the
whole or part of the information system. The next phase consists in gathering and filtering the
user requirements. It involves the designer and users of the DW, and produces in output the
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specifications concerning the choice of facts and dimensions etc.Next is the Conceptual design
[36] which aims at producing an implementation-independent and expressive conceptual schema
for the DW, according to the chosen conceptual model. Logical design takes as input the
conceptual schema and creates a corresponding logical schema (which is more detailed) on the
chosen platform by considering some set of constraints. And finally, a phase of physical design,
that takes into account issues specifically related to the tools chosen for implementation —such as
indexing and allocation.
Table 1. Database Design Methods

Step Input Output
Analysis of Operational Information regarding the Database schemes
System operational systems
Requirements Elicitation Database scheme Specifications for data

warehouse
Conceptual design Database scheme and Conceptual schema
Specifications

Logical design Conceptual schema Logical schema
Physical design Logical schema Physical schema

Conceptual modelling is the necessary foundation for building a database that is well-documented
and fully satisfies the user requirements. In this phase, the multidimensional schema of the data
warehouse is defined. It is the beginning of the design process on which the success of entire data
warehouse depends. Though several conceptual models have been proposed, none of them has
been accepted as a standard so far, and all vendors propose their own proprietary design methods
.Obviously, there is a need of existence of a standard conceptual model.

In this paper, we make a comparative study of various approaches and techniques for data
warehouse design and propose an Object Oriented framework for the conceptual design of a data
warehouse. We have used UML ( [2], [3], [4]) in the design process as it has become a standard
for object modelling during analysis and design steps of software system development. So, it
reduces the effort of learning new notations or methodologies for every subsystem to be
modelled.

2. BACKGROUND WORK OF DW DESIGN APPROACHES

In the literature, different data models [24, 25,26] both conceptual and logical have been
proposed for data warehouse design .These approaches are based on their own visual modelling
languages or make use of well known graphical notation like ER model or UML, but to the best
of our knowledge, there is no standard method or model that allows us to model all aspects of a
DW. Moreover, during our survey we noticed that most of the research efforts in designing and
modelling DWs have been focused on the development of MD data models and conceptual
design, the interest on the physical design of DWs has been very poor.

The pioneer author in the field of data warehouse design is Juan Trujilio.He has made a major
contribution. He proposed the use of UML for the design of data warehouse. He defined four
UML profiles for modelling different aspects of data warehouse: the UML profile for
Multidimensional Modelling, the Data Mapping profile, the ETL profile and Database
Deployment profile. In [ 25 ],authors propose an approach that provides a theoretical foundation
for the use of OO databases and Object relational databases in DW.This approach introduces a set
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of minimal constraints and extensions to UML for representing multidimensional modelling
properties for DW.In [ 10,27 ], authors have proposed a multidimensional profile for the Data
warehouse conceptual schema and Client conceptual schema. The author has also shown work in
the field of physical schema. He has presented the database deployment profile in [13 ].

Another author who also has a significant role in the design of data warehouse is Stefano Rizzi.
The author in [ 8] proposed a graphical conceptual model for data warehouses, called
Dimensional Fact model, and gave a semi-automated methodology to build it from the pre-
existing (conceptual or logical)schemes. Then in [11] based on the Dimensional Fact Model
(DFM), he gave a general methodological framework for data warehouse design. Then he
discussed some issues in Multidimensional modelling for the design of data ware house in
[16].After that different authors gave different techniques and models for the design of data
warehouse which we have discussed and compared in the next section.

3. COMPARITIVE ANALYSIS OF DW DESIGN TECHNIQUES:

We have analyzed research work done in data warehouse design and its related issues. A brief
tabular comparison has been provided below in table 1 on the basis of following criteria:
Proposal, Framework/Architecture, Approach or technique proposed, schema used, whether the
design can be extended to logical and physical design also, case study and tool used.

Table 1. Comparison of Work done by different Authors
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4. PROPOSED OBJECT ORIENTED FRAMEWORK FOR
DATAWAREHOUSE CONCEPTUAL DESIGN

4.1 Components of the Framework

Our framework takes into account the requirements of the users. The framework is divided into
two levels namely- Requirements level and Design level. At the Requirement level, the
requirements are gathered from different users and a thorough analysis is made. The Integrator
component integrates the collected requirements. Each level comprises of a number of
components to control particular tasks along with detailed metadata repository to speed up the
whole process.

In the next level, that is the design level; UML designer helps in extracting major objects and
classes from data gathered from multiple data sources and constructs UML class diagrams. The
UML class diagrams are converted to multi-dimensional model represented in the form of star or
snowflake schema. The conversion is done by applying certain mapping rules that help in
mapping the classes to facts and dimensions.

1 - Requirement Level

Reguiramants

Int=grator !
matadsta repesitong

2 - Design Level

URIL Dresizner

M=apping rules base

Pl (dmensioral baodal

sz tnowdlske Schama

e e o

I Data Warshouse I

Figure 1. Proposed Framework
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5. CONCLUSION AND FUTURE SCOPE

In this paper, we make a comparative study of different approaches used for data warehouse
design. In the literature survey, different authors [4, 5, 6, 7,8, 9,10,11,12,13] have proposed
different techniques at different levels i.e. conceptual level ,logical level and physical level. Our
comparative study is based on following criteria: Proposal, Framework/Architecture, Approach or
technique proposed, Schema used, whether the design can be extended to logical and physical
design also, Case study and Tool used.

We also propose an Object Oriented framework for data warehouse conceptual design. Our
framework has many benefits.Firstly,the object oriented multidimensional approach [29] is the
best as it satisfies all the criteria required for the data warehouse design and it is more adaptable
as the user requirements are constantly changing.Secondly,we have used UML which is easy to
learn and can model all real world objects. Thirdly, star and snowflake schemas are more efficient
for data warehouse design as they are easy to learn and need fewer joins [18].

In the future, we are in the process of testing the proposed framework on a case study and
implementing the same using JAVA at the front-end and Oracle 10g at the back-end.
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